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Abstract
It is shown that the 2.6 σ discrepancy between the predicted and recently measured
value of the anomalous magnetic moment of positive muons could be explained
by the existence of a new light gauge boson X with a mass MX ≤ O(5) GeV .
Phenomenological bounds on the X coupling are discussed.
The recent precise measurement of the anomalous magnetic moment of the
positive muon aµ = (g− 2)/2 from Brookhaven AGS experiment 821 [1] gives
result which is about 2.6σ higher than the Standard Model prediction
aexpµ − aSMµ = (43± 16)× 10−10 (1)
This result may signals the existence of new physics beyond the Standard
Model. At present the standard explanation of this result suggested in a few
recently appeared papers is the supersymmetry with the chargino and sneu-
trino lighter than 800 GeV [2]. Note also possible explanations related with
existence of leptoquarks [3] or existence of some exotic flavour-changing inter-
actions [4]. All these explanations assume the existence of new particles with
masses ≥ O(100) GeV .
In this note we suggest that the recent BNL result gives an evidence for the
existence of the physics with new light particle. As an example of the re-
alization of this scenario we consider the model with light gauge boson X
(MX ≤ O(5) GeV ) and briefly discuss possible phenomenological implica-
tions.
To be concrete besides standard SUc(3)⊗SU(2)L⊗U(1)Y gauge group consider
additional U(1)X interaction which commutes with standard gauge group. In
other words our model has SUc(3)⊗ SU(2)L ⊗ U(1)Y ⊗ U(1)X gauge group.
We assume that all quarks have the same interaction with new gauge group
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U(1)X but the interactions of each lepton flavour with new X-boson could be
different. In such model the standard Higgs doublet has zero X-charge so there
is no mixing between X-boson and Z-boson. The interaction of the X-boson
with quarks and leptons can be written in the form
LX = gX [QBXB
α +QeXL
α
e +QµXL
α
µ +QτXL
α
τ ]Xα (2)
where Bα =
∑
q=u,d,s,... q¯γ
αq, Lαe = e¯γ
αe+ ν¯eLγ
ανeL,... . From the requirement
of the absence of the γ5 anomalies an additional constraint 3QBX + QeX +
QµX + QτX = 0 arises. The X-boson gives additional contribution to the
anomalous magnetic moment of lepton
δal =
Q2lXαX
pi
∫
1
0
x2(1− x)
x2 + (1− x)M2X/m2l
, (3)
where αX = g
2
X/4pi and MX is the mass of the X-boson. We shall use the
normalisation QµX = 1. For MX ≪ mµ we find from Eq.(1) that
αX = (2.7± 1)× 10−8 (4)
For another limiting case MX ≫ mµ Eq.(1) leads to
αX
m2µ
M2X
= (4.1± 1.5)× 10−8 (5)
To suppress the contribution of the X-boson to the anomalous magnetic mo-
ment of the electron we assume that 3 MX ≥ 10 MeV or QeX << QµX .
The phenomenology of the light X-boson has been studied in refs.[5]-[7] (see
also [15]) where untrivial bounds on the interaction of the X-boson with quarks
and leptons have been derived.
Consider first possible manifestations of the X-boson in neutrino reactions.
An account of the X-boson exchange between muon neutrino, electrons and
quarks leads to the additional four-fermion interaction
δL4 =
g2X
m2X − t
ν¯µLγ
µνµL(QeX e¯γµe+QBX
∑
i
q¯iγµqi) (6)
Here, t is the square of the momentum transfer. Consider νµ(ν¯µ)e-scattering.
The typical cutoff on the momentum transfer in neutrino-electron scattering
is t0 ≃ −400 MeV 2 and the cross section is maximal for minimal momentum
transfer. The experimental value of the effective vector coupling of the electron
with muon neutrino gνeV = 0.3009± .0015 [10]. Comparison of the contribution
3 Experimental data on νµ(ν¯µ)e scattering lead to |QeX | ≪ 1, see Eq.(8).
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from the effective interaction δL4 to the νµ−e scattering with the experimental
data [10] leads to the bound [6]
|QeX |g2X ≤ (M2X + 400 MeV 2)× 5 · 10−7 GeV −2 (7)
For masses MX ≪ 20 MeV we find that
|QeX | ≤ 2.3 · 10−3 (8)
For MX ≫ 20 MeV we obtain that
|QeX | ≤ 0.04 (9)
Analysis of neutral current ν reactions on nuclei allow to restrict value of
|QB|. For deep inelastic νµN - scattering (DIS) with the minimal momentum
transfer t0 = −10 GeV 2 (for this value we are sure that perturbative QCD
works rather well) the limit on the discrepancy between the predicted and
measured values of DIS cross section could be evaluated to be . 3 % [10].
This results in the bound for X-boson contribution
g2X |QBX | ≤ 5 · 10−6 (10)
and gives
|QBX | ≤ 60 (MX ≪ mµ) (11)
|QBX | ≤ 40m2µ/M2X (MX ≫ mµ) (12)
For coherent pion production in neutrino and antineutrino scattering on nuclei
[11] the typical minimal momentum transfer is t0 ≃ −0.02 GeV 2. From the
assumption that X-boson contribution is . 25 %, which is taken as a limit
on the difference between the experimental and theoretical values of the cross
section [11], one can find that
|QBX | ≤ O(1) (MX ≪ mµ) (13)
|QBX | ≤ O(0.4) (MX ≫ mµ) (14)
Similar to neutrino scattering experiments possible existence of the X-boson
could manifests itself in rare meson decays. If the X-boson is lighter than
pi0-meson it is possible to search for it in the decay pi0 → γ + X [6,7]. The
branching ratio of the pi0 → γ +X is [6]
Br(pi0 → X + γ) = 18Q
2
BXαX
α
(1− M
2
X
m2pi
)3 (15)
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From the experimental bound on the branching ratioBr(pi0 → X+γ) . 3·10−5
[9] one can find that
|QBX | ≤ 2.1 (16)
for mX ≪ mµ. The decay K → pi + X has been studied in ref. [12]. The
decay width Γ(K → pi + X) is proportional to M2X/m2pi and it is maximal
for MX ≈ 200 MeV [12]. It appears that bound on |QBX | from the existing
experimental data is weaker than the corresponding bounds coming from the
neutrino-nuclei scattering.
The X-boson contribution to the rare decays K → piµµ¯, piνν¯ comes from the
electromagnetic penguin diagram [13] with the replacement of the photon ex-
change on the X-boson exchange. The corresponding flavour changing s¯dX
effective interaction in full analogy with the case of the electromagnetic pen-
guin [13] is determined by the effective vertex
s¯γd = −iλiGF√
2
· gXQBX
8pi2
·D′0(xi)s¯(q2γµ − qµqˆ)(1− γ5)d , (17)
where λi = V
∗
isVid, xi = m
2
qi
/m2w and D
′
0(xi) = O(1). Here, qµ is the outgo-
ing X-boson momentum. Using the effective vertex of Eq.(17) one can find
that the contribution of the X-boson exchange to the K+ → pi+νν¯ effective
Hamiltonian is
δHeff(K
+ → pi+νν¯) ∼ GF√
2
λt
αXQBX
2pi
(pν + pν¯)
2
(pν + pν¯)2 −m2X
(s¯d)V−A(ν¯ν)V−A (18)
and it is much smaller (by a factor O(10−6)QBX) than the standard model
contribution
Heff(K
+ → pi+νν¯) ∼ GF√
2
λt
α
2pi sin2 θw
(s¯d)V−A(ν¯ν)V−A (19)
to this decay. The similar situation takes place for the other K → piµµ¯, B →
Xs,dνν¯ decay modes. Finally, we conclude that there is no stringent bounds
on |QBX | from the rare meson decays.
Finally consider bounds on X-boson couplings with electron and muon from
the spectroscopy measurement of the 1s − 2s interval in muonium (µ+e−)
atoms [14]. The result of this measurement can be interpreted as a measure-
ment of the muon-electron charge ratio [14]
Qµ+
Qe−
= −1 − (1.1± 2.1) · 10−9 (20)
The additional interaction of muon with electron due to the X-boson exchange
leads to the additional (in comparison with standard Coulomb potential) non-
4
relativistic interaction between electron and µ+ meson
δV (r) = −αXQeX
r
exp(−MXr) (21)
For very light X-boson (MX ≪ meα) the exponential factor in Eq.(21) is
negligible and an account of the additional interaction of Eq.(21) is equivalent
to the standard Coulomb interaction of the electron with µ+ with muon electric
charge equal to Qµ+ = 1+αX/α ·QeX . So forMX ≪ meα we find from Eq.(4)
and Eq.(20) that
QeX = (3± 5.7) · 10−4 (22)
For MX ≫ meα we have exponential damping exp(−MX/meα) for the X-
boson exchange contribution to the 1s− 2s energy difference of muonium and
there is no useful bound on QeX from the muonium spectroscopy. Note that
the spectroscopy of the hydrogen atoms is not so “clean” from the theoretical
point of view as the muonium one due to composite nature of proton that
prevents the extraction of stringent bounds on the interaction of the X-boson
with quarks.
To summarise, the existing experimental data give the most stringent bound
on |QeX | ≪ 1 whereas the bound on |QXB| is rather weak.
Especially interesting (in particular, from the aesthetic point of view) is the
case when X-boson interacts only with second and third lepton generations (
QBX = QeX = 0, QµX = −QτX = 1) that makes the search for such particle
quite difficult. For MX ≤ 2mµ the X-boson decays mainly to X → νµν¯µ, ντ ν¯τ .
For 2mµ < MX < 2mτ the additional decay mode to µ
+µ− opens up with
the branching ratio ∼ 0.5 if 2mµ ≪ MX . For MX > 2mτ the decay channel
X → τ τ¯ is also opened.
The best limit comes from the non-observation of such X-boson at LEP1 in
the decay Z → µ+µ− +X, τ+τ− +X . We obtain αX ≤ O(10−4) that leads to
the bound
MX ≤ O(5) GeV (23)
on the X-boson mass. Note that bound (23) holds only if the X-boson explains
the g − 2 anomaly. It is interesting that the existence of such gauge interac-
tion prohibits diagonal neutrino Majorana masses νµνµ and ντντ and allows
non diagonal mass term ντνµ before U(1)X gauge symmetry breaking. After
U(1)X gauge symmetry breaking small diagonal terms appear that leads to
the maximal νµ − ντ mixing 4 with the typical prediction ∆m2νµντ ≪ m2νµ . .
4 We are indebted to Prof. S.L. Glashow for interesting comments on this subject.
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The branching ratio for the µ→ eν¯eνµX(X → νν¯) is predicted to beO(αX/pi) ∼
O(10−8) that is too small to be observable in the nearest future. The X-boson
could be produced in the reaction µ + N → µ + X + ... and be detected
(for MX > 2mµ) through its decay into muon pair X → µ+µ− with the
σ(µ+N → µ+X + ...)/σ(µ+N → µ+ ...) ∼ O(αX/pi). Such reaction could
be searched for, e.g. in the COMPASS experiment at CERN.
Note that massless X-bosons could be associated with muonic(leptonic) pho-
tons, introduced to explain conservation of the muon(lepton) number, see [15]
and references therein. Interestingly, the existing experimental limit on cou-
pling strength between the muonic photons and muons, αµ < (1.1÷2.3)×10−8
[16], is in the region of values required to explain the BNL result, αµ =
(2.7± 1.0)× 10−8.
Although many models explaining the BNL discrepancy appeared recently, see
e.g. [2]-[4], all of them require very high energies for their experimental tests. 5
In this note the discrepancy is explained by the existence of a new weakly
interacting light gauge X-boson, which is not excluded by the experimental
data. This makes it still interesting for further experimental searches at present
accelerators.
We are grateful to Prof S.L. Glashow for his interest to our work and useful
remarks. The work of N.V.K. has been partly supported by INTAS-CERN
377 grant.
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